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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

CHAPTER 5
FLOW CONTROL DESIGN

This chapter presents the King County approved methods, criteria, and details for hydraulic analysis and
design of flow control facilities pursuant to Core Requirement #3, "Flow Control" (see Section 1.2.3).
Flow control facilities, as described in this manual, are detention or infiltration facilities engineered to
meet a specified discharge performance. Four terms are commonly used to describe flow control facilities
in King County: detention facilities, retention facilities, infiltration facilities, and R/D
(Retention/Detention) facilities. A detention facility, by definition, temporarily stores surface water runoff
and discharges it at a reduced rate. A retention facility stores water longer and effectively has no surface
outflow (outflow occurs by evaporation or soaking into the ground). Infiltration facilities are retention
facilities that rely entirely on the soaking of collected surface water into the ground. The term R/D facility
has been used in previous versions of this manual to generally refer to all flow control facilities.

Flow control BMPs, also known as low impact development BMPs, are methods and designs for
dispersing, infiltrating, or otherwise reducing or preventing development-related increases in runoff at or
near the sources of those increases. Flow control BMPs include, but are not limited to, preservation and
use of native vegetated surfaces to fully disperse runoff; use of other pervious surfaces to disperse runoff;
roof downspout infiltration; permeable pavements; bioretention; and reduction of development footprint.
Flow control BMPs are required pursuant to Core Requirement #9, “Flow Control BMPs” (see Section
1.2.9). Design details are covered in Appendix C of this manual.

Chapter Organization

The information in this chapter is organized into the following four main sections:
e Section 5.1, "Detention Facilities” (p. 5-3)

e Section 5.2, "Infiltration Facilities” (p. 5-43).

These sections begin on odd pages so the user can insert tabs if desired for quicker reference.

Required vs. Recommended Design Criteria

Both required and recommended design criteria are presented in this chapter. Criteria stated using "shall"
or "must” are mandatory, to be followed unless there is a good reason to deviate as allowed by the
adjustment process (see Section 1.4). These criteria are required design criteria and generally affect
facility performance or critical maintenance factors. Sometimes options are stated as part of the required
design criteria using the language "should" or *may." These criteria are really recommended design
criteria, but are so closely related to the required criteria that they are placed with it.

Use of Materials

Galvanized metals leach zinc into the environment, especially in standing water situations. High zinc
concentrations, sometimes in the range that can be toxic to aquatic life, have been observed in the region.
Therefore, use of galvanized materials in flow control facilities and BMPs should be avoided. Where
other metals, such as aluminum or stainless steel, or plastics are available, they shall be used. Allowable
materials are specified in the Design Criteria for the facility.
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KING COUNTY, WASHINGTON, SURFACE WATER DESIGN MANUAL

5.1 DETENTION FACILITIES

This section presents the methods, criteria, and details for design and analysis of detention facilities.
These facilities provide for the temporary storage of increased surface water runoff resulting from
development pursuant to the performance standards set forth in Core Requirement #3, "Flow Control" (see
Section 1.2.3).

There are three primary types of detention facilities described in this section: detention ponds, tanks, and
vaults. The information presented in this section is organized as follows:

Section 5.1.1, "Detention Ponds"
"Design Criteria," Section 5.1.1.1 (p. 5-4)
"Methods of Analysis," Section 5.1.1.2 (p. 5-17)

Section 5.1.2, "Detention Tanks"
"Design Criteria," Section 5.1.2.1 (p. 5-18)
"Methods of Analysis," Section 5.1.2.2 (p. 5-19)

Section 5.1.3, "Detention Vaults"
"Design Criteria," Section 5.1.3.1 (p. 5-22)
"Methods of Analysis," Section 5.1.3.2 (p. 5-23)

Section 5.1.4, "Control Structures"
"Design Criteria,” Section 5.1.4.1 (p. 5-25)
"Methods of Analysis,"” Section 5.1.4.2 (p. 5-29)

Section 5.1.5, "Parking Lot Detention™
Section 5.1.6, "Roof Detention"

Section 5.1.7, "Simple Detention Pond for Cleared Areas"
"Design Criteria,” Section 5.1.7.1 (p. 5-36)
"Methods of Analysis,"” Section 5.1.7.2 (p. 5-40)

5.1.1 DETENTION PONDS

Open ponds are the most desirable detention facilities for controlling runoff from developed areas. The
design criteria in Section 5.1.1.1 are for detention ponds. However, many of the criteria also apply to
infiltration ponds (Section 5.2.2), and water quality wetponds and combined detention/wetponds (Section
6.4).

Dam Safety Compliance

Detention ponds and other open impoundment facilities must comply with requirements for dam safety
(WAC 173-175). Under current regulations (as of February 2012), if the impoundment has a storage
capacity (including both water and sediment storage volumes) greater than 10 acre-feet above natural
ground level and a dam height of more than 6 feet, then dam safety design and review are required by the
Washington State Department of Ecology (Ecology). If the storage capacity is less than 10 acre-feet above
natural ground level, then the facility is exempt from Ecology review. If the dam height is less than 6 feet
but capacity is greater than 10 acre-feet, then Ecology reviews on a case-by-case-basis to determine the
hazard potential downstream in the event of a failure.
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SECTION 5.1 DETENTION FACILITIES

5.1.1.1 DESIGN CRITERIA

Standard details for detention ponds are shown in Figure 5.1.1.A (p. 5-13) through Figure 5.1.1.D
(p. 5-16). Control structure details are described in Section 5.1.4 beginning on page 5-25.

General

1.

Ponds must be designed as flow-through systems (however, parking lot storage may be utilized
through a back-up system; see Section 5.1.5, p. 5-35). Developed flows must enter through a
conveyance system separate from the control structure and outflow conveyance system. Maximizing
distance between the inlet and outlet is encouraged to promote sedimentation.

2. Pond bottoms shall be level and be located a minimum of 0.5 feet below the inlet and outlet to
provide sediment storage.

3. Outflow control structures shall be designed as specified in Section 5.1.4 (p. 5-25).

4. Detention ponds preceding required water quality treatment facilities must meet the liner requirements
described in Section 6.2.4 (Facility Liners) to ensure groundwater protection.

5. A geotechnical analysis and report is required if located within 200 feet of a steep slope hazard area
or landslide hazard area OR if the facility is located within a setback distance from top of slope equal
to the total vertical height of the slope area that is steeper than 15%. The geotechnical analysis must
consider cumulative impacts from the project and surrounding areas under full built- out conditions.

Side Slopes

1. For facilities to be maintained by King County, interior side slopes up to the emergency overflow
water surface shall be no steeper than 3H:1V unless a fence is provided (see "Fencing,” p. 5-6). See
Section 6.4.4 for side slope requirements for internal berms in combined ponds and wetponds.

2. Exterior side slopes shall be no steeper than 2H:1V unless analyzed for stability by a geotechnical
engineer.

3. Pond walls may be vertical retaining walls, provided: (a) they are constructed of reinforced concrete
per Section 5.1.3 (p. 5-22); (b) a fence is provided along the top of the wall; (c) at least 25% of the
pond perimeter will be a vegetated soil slope not steeper than 3H:1V; and (d) the design is stamped by
a licensed structural civil engineer.

4. For privately owned and maintained facilities, the entire pond perimeter may be retaining walls, and
building foundations may serve as one or more of the pond walls.

Embankments

1. Pond berm embankments higher than 6 feet shall require design by a geotechnical engineer.

2. For berm embankments 6 feet or less, the minimum top width shall be 6 feet, or as recommended by
a geotechnical engineer.

3. Pond berm embankments must be constructed on native consolidated soil (or adequately compacted
and stable fill soils analyzed by a geotechnical engineer) free of loose surface soil materials, roots, and
other organic debris.

4. Pond berm embankments greater than 4 feet in height must be constructed by excavating a key equal
to 50% of the berm embankment cross-sectional height and width. This requirement may be waived if
specifically recommended by a geotechnical engineer.

5. The berm embankment shall be constructed of soil placed in 6-inch lifts compacted to at least 95%

of maximum dry density, within 2 percentage points of the optimum moisture content, modified
proctor method ASTM D1557. Density tests shall be performed for each lift to confirm compliance
with this specification. The soil used for construction shall have the following soil characteristics: a
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5.1.1 DETENTION PONDS — DESIGN CRITERIA

minimum of 20% silt and clay, a maximum of 60% sand, a maximum of 60% silt and clay, with
nominal gravel and cobble content. Note: In general, excavated glacial till is well suited for berm
embankment material.

6. Anti-seepage collars must be placed on outflow pipes in berm embankments impounding water
greater than 8 feet in depth at the design water surface.

Overflow

1. Inall ponds, tanks, and vaults, a primary overflow (usually a riser pipe within the control structure;
see Section 5.1.4.2, p. 5-29) must be provided to bypass the 100-year, 15-minute developed peak flow
over or around the restrictor system. This assumes the facility will be full due to plugged orifices or
high inflows; the primary overflow is intended to protect against breaching of a pond embankment (or
overflows of the upstream conveyance system, in the case of a detention tank or vault). The design
must provide controlled discharge directly into the downstream conveyance system or another
acceptable discharge point.

2. A secondary inlet to the control structure must be provided in ponds as additional protection against
overtopping should the inlet pipe to the control structure become plugged. A grated opening
("jailhouse window") in the control structure manhole functions as a weir (see Figure 5.1.1.B, p. 5-14)
when used as a secondary inlet. Note: The maximum circumferential length of this opening shall not
exceed one-half the control structure circumference. The "birdcage" overflow structure as shown in
Figure 5.1.1.C (p. 5-15) may also be used as a secondary inlet.

Emergency Overflow Spillway

1. Inaddition to the above overflow requirements, ponds must have an emergency overflow spillway
sized to pass the 100-year, 15-minute developed peak flow in the event of total control structure
failure (e.g., blockage of the control structure outlet pipe) or extreme inflows. Emergency overflow
spillways are intended to control the location of pond overtopping and direct overflows back into the
downstream conveyance system or other acceptable discharge point.

2. Emergency overflow spillways must be provided for ponds with constructed berms over 2 feet in
height, or for ponds located on grades in excess of 5%. As an option for ponds with berms less than
2 feet in height and located at grades less than 5%, emergency overflow may be provided by an
emergency overflow structure, such as a Type Il manhole fitted with a birdcage as shown in
Figure 5.1.1.C (p. 5-15). The emergency overflow structure must be designed to pass the 100-year
developed peak flow, with a minimum 6 inches of freeboard, directly to the downstream conveyance
system or another acceptable discharge point. Where an emergency overflow spillway would
discharge to a slope steeper than 15%, consideration should be given to providing an emergency
overflow structure in addition to the spillway.

3. The emergency overflow spillway shall be armored in conformance with Table 4.2.2.A. The
spillway shall be armored full width, beginning at a point midway across the berm embankment and
extending downstream to where emergency overflows re-enter the conveyance system (see
Figure 5.1.1.B, p. 5-14).

4. Design of emergency overflow spillways requires the analysis of a broad-crested trapezoidal weir as
described in Section 5.1.1.2 (p. 5-17). Either one of the weir sections shown in Figure 5.1.1.B
(p. 5-14) may be used.

Access Requirements

1. Maintenance access road(s) shall be provided to the control structure and other drainage structures
associated with the pond (e.g., inlet, emergency overflow or bypass structures). Manhole and catch
basin lids must be in or at the edge of the access road and at least three feet from a property line.
Rims shall be set at the access road grade.
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SECTION 5.1 DETENTION FACILITIES

2.

An access ramp is required for removal of sediment with a trackhoe and truck. The ramp must
extend to the pond bottom if the pond bottom is greater than 1500 square feet (measured without the
ramp) and it may end at an elevation 4 feet above the pond bottom, if the pond bottom is less than
1,500 square feet (measured without the ramp), provided the pond side slopes are 3H:1V or flatter.

Intent: On large, deep ponds, truck access to the pond bottom via an access ramp is necessary so
loading can be done in the pond bottom. On small deep ponds, the truck can remain on the ramp for
loading. On small shallow ponds, a ramp to the bottom may not be required if the trackhoe can load a
truck parked at the pond edge or on the internal berm of a wetpond or combined pond (trackhoes can
negotiate interior pond side slopes).

The internal berm of a wetpond or combined detention and wetpond may be used for access if it is no
more than 4 feet above the first wetpool cell, if the first wetpool cell is less than 1500 square feet
(bottom area measured without the ramp), and if it is designed to support a loaded truck, considering
the berm is normally submerged and saturated.

Access ramps shall meet the requirements for design and construction of access roads specified
below.

All control structures shall have round, solid locking lids with ®/g-inch diameter Allen head cap
screws (see the King County Road Design and Construction Standards (KCRDCS) Drawing No. 7-
022 and 7-023).

Access shall be limited by a double-posted gate if a fence is required, or by bollards. Bollards shall
be designed in accordance with the KCRDCS.

Design of Access Roads

Access roads shall meet the following design criteria:

1.

2
3
4.
5

Maximum grade shall be 15% for asphalt paving and 12% for gravel or modular grid paving.
Outside turning radius shall be 40 feet, minimum.

Fence gates shall be located only on straight sections of road.

Access roads shall be 15 feet in width on curves and 12 feet on straight sections.

A paved apron shall be provided where access roads connect to paved public roadways. The apron
shall be consistent with driveway details in the KCRDCS.

Construction of Access Roads

Access roads shall be constructed with an asphalt, concrete or gravel surface, or modular grid pavement.
Access roads must conform to the KCRDCS for residential or rural minor access streets. Modular grid
pavement shall meet manufacturer's specifications. Where access roads pass over emergency overflow
spillways, an HMA wearing course is required (see Figure 5.1.1.B, p. 5-14).

Fencing

1.

A fence is required at the emergency overflow water surface elevation, or higher, where a pond
interior side slope is steeper than 3H:1V, or where the impoundment is a wall greater than 24 inches
in height. The fence need only be constructed for those slopes steeper than 3H:1V.

Intent: To discourage access to portions of a pond where steep side slopes (steeper than 3H:1V)
increase the potential for slipping into the pond, and to guide those who have fallen into a pond to side
slopes that are flat enough (flatter than 3H:1V and unfenced) to allow for easy escape.

Fencing is required for ponds serving multifamily projects (or land uses) for slopes steeper than
3H:1V. For other privately owned and maintained facilities, fences are recommended, but not
required, for slopes steeper than 3H:1V. Note, however, that other regulations such as the Uniform
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5.1.1 DETENTION PONDS — DESIGN CRITERIA

Building Code may require fencing of vertical walls. Fence material and construction specifications
outlined below do not apply to private facilities.

3. Fences shall be 6 feet in height. For example designs, see WSDOT Standard Plan L-2, Type 1 or
Type 3 chain link fence.

Exception: The fence may be a minimum of 4 feet in height if the depth of the impoundment
(measured from the lowest elevation in the bottom of the impoundment, directly adjacent to the
bottom of the fenced slope, up to the emergency overflow water surface) is 5 feet or less. For example
designs, see WSDOT Standard Plan L-2, Type 4 or Type 6 chain link fence.

4. Access road gates shall be 16 feet in width consisting of two swinging sections 8 feet in width.
Additional vehicular access gates may be required as needed to facilitate maintenance access.

5. Pedestrian access gates (if needed) shall be 4 feet in width.

6. For fences to be maintained by the County, fence material shall be vertical metal balusters, 9 gauge
stainless steel, aluminized steel, or galvanized steel fabric. If galvanized, bonded vinyl coating is
required. For steel fabric fences, the following apply:

a) Vinyl coating shall be compatible with the surrounding environment (e.g., green in open, grassy
areas and black or brown in wooded areas). All posts, cross bars, and gates shall be coated the
same color as the vinyl clad fence fabric.

b) Fence posts and rails shall conform to WSDOT Standard Plan L-2 for Types 1, 3, or 4 chain link
fence, except that if galvanized, they must be coated with bonded vinyl.

7. For metal baluster fences, Uniform Building Code standards shall apply.

8. Wood fences are allowed in subdivisions where the fence will be maintained by homeowners
associations or adjacent lot owners. Fence maintenance requirements shall be a condition of
subdivision approval, and a statement detailing maintenance responsibilities and requirements must be
recorded with the plat.

9. Wood fences shall have pressure treated! posts (ground contact rated) either set in 24-inch deep
concrete footings or attached to footings by steel brackets. Rails and fence boards shall be cedar.

10. Where only short stretches of the pond perimeter (< 10%) have side slopes steeper than 3H:1V,
untreated cedar split rail fences (3-foot minimum height) or densely planted thorned hedges (e.qg.,
barberry, holly, etc.) may be used in place of a standard fence.

Sighage

Detention ponds, infiltration ponds, wetponds, and combined ponds to be maintained by King County shall
have a sign placed for maximum visibility from adjacent streets, sidewalks, and paths. The sign shall meet
the design and installation requirements illustrated in Figure 5.1.1.D (p. 5-16).

Right-of-Way
1. Open detention ponds shall not be located in dedicated public road right-of-way.

2. Detention ponds to be maintained by King County shall be in a tract dedicated to King County (see
Section 1.2.6). Any tract not abutting public right-of-way will require a 15-foot wide extension of the
tract to an acceptable access location.

Setbacks

1. A setback of 5 feet from the toe of the exterior slope, retaining walls and rockeries to the tract or
property line is required for County-maintained ponds and recommended for privately maintained
ponds.

1 Fence posts represent a rare exception to the rule of no treated lumber. Ground contact requires pressure treatment.
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SECTION 5.1 DETENTION FACILITIES

2. The tract or property line on a detention pond cut slope shall be setback 5 feet from the emergency
overflow water surface.

3. The detention pond water surface at the pond outlet invert elevation shall be setback 100 feet from
proposed or existing septic system drainfields. This setback may be reduced with written approval
of the Seattle-King County Department of Public Health.

4. The detention pond design water surface shall be a minimum of 200 feet from any steep slope hazard
area or landslide hazard area. Upon analysis and approval of a licensed geotechnical engineer or
engineering geologist, this setback may be reduced to 50 feet. The geotechnical analysis must
consider cumulative impacts from the project and surrounding areas under full built- out conditions.

5. The detention pond design water surface shall be set back a minimum distance from top of slope equal
to the total vertical height of a slope area that is steeper than 15%. Upon analysis and approval of a
licensed geotechnical engineer or engineering geologist, this setback may be reduced to 50 feet. The
geotechnical analysis must consider cumulative impacts from the project and surrounding areas under
full built- out conditions.

Seeps and Springs

Intermittent seeps along cut slopes are typically fed by a shallow groundwater source (interflow) flowing
along a relatively impermeable soil stratum. These flows are storm driven and should discontinue after a
few weeks of dry weather. The approved continuous runoff model accounts for this shallow groundwater
component and no special provisions are needed when directing these flows through the flow control
facility. However, more continuous seeps and springs, which extend through longer dry periods, are likely
from a deeper groundwater source. When continuous flows are intercepted and directed through flow
control facilities, adjustments to the approved facility design may be required to account for the additional
base flow (unless already considered in design). If uncertain at the time of construction, the situation may
be monitored while the facility is under maintenance and defect financial guarantee. Adjustments to the
facility may be required prior to the release of the financial guarantee.

Planting Requirements

Exposed earth on the pond bottom and interior side slopes shall be sodded or seeded with an appropriate
seed mixture. All remaining areas of the tract must either be planted with grass, or be landscaped in
accordance with the standards below and mulched with a 4-inch cover of hog fuel or shredded wood
mulch.2

Landscaping

Landscaping for aesthetic purposes is encouraged, but not required, for most stormwater tract areas
containing ponds maintained by King County (see below for areas not to be landscaped). However, if
provided, landscaping must adhere to the criteria that follow so as not to hinder maintenance operations.
Landscaped stormwater tracts may, in some instances, be used to satisfy requirements for recreational
space. In other instances, "naturalistic™ stormwater facilities may be placed in open space tracts. For more
information, see page 5-11.

If landscaping is proposed in the stormwater tract of a County-maintained pond, the following
requirements shall apply:

1. No trees or shrubs may be planted within 10 feet of inlet or outlet pipes or manmade drainage
structures such as catch basins, spillways or flow spreaders. Species with roots that seek water, such as
willow or poplar, should be avoided within 50 feet of pipes or manmade structures.

2. Planting is restricted on berms that impound water either permanently or temporarily during
storms. Note: This restriction does not apply to cut slopes that form pond banks, only to berms.

Shredded wood mulch is made from shredded tree trimmings, usually from trees cleared onsite. It must be free of garbage and
weeds and may not contain excessive resin, tannin, or other material detrimental to plant growth.
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5.1.1 DETENTION PONDS — DESIGN CRITERIA

a) Trees or shrubs may not be planted on portions of water-impounding berms taller than four feet
high. Only grasses may be planted on berms taller than four feet.

Intent: Grasses allow unobstructed visibility of berm slopes for detecting potential dam safety
problems such as animal burrows, slumping, or fractures in the berm.

b) Trees planted on portions of water-impounding berms less than 4 feet high must be small, not
higher than 20 feet mature height, and have a fibrous root system. Table 5.1.1.A gives some
examples of trees with these characteristics.

Intent: These trees reduce the likelihood of blow-down trees, or the possibility of channeling or
piping of water through the root system, which may contribute to dam failure on berms that retain
water.

3. All landscape material, including grass, must be planted in good topsoil. Native underlying soils
may be made suitable for planting if amended with 2 inches of well-rotted compost tilled into the top
six inches of soil. Compost used should meet specifications in Reference 11-C.

4. Soil in which trees or shrubs are planted may require additional enrichment or additional compost
top-dressing. Consult a nurseryman, landscape professional, or arborist for site-specific
recommendations.

5. For a naturalistic effect as well as ease of maintenance, trees or shrubs must be planted in clumps to
form "landscape islands" rather than evenly spaced.

6. The landscaped islands must be planted above the 100-year water surface and must be a minimum of
six feet apart, and if set back from fences or other barriers, the setback distance must also be a
minimum of six feet. Where tree foliage extends low to the ground, the six feet of setback should be
counted from the outer drip line of the trees (estimated at maturity).

Intent: This landscape design must allow a 6-foot wide mower to pass around and between clumps.

7. Evergreen trees and trees that produce relatively little leaf-fall such as Oregon ash, mimosa, or locust
are preferred. Large-leaf deciduous trees may not be planted where branches could extend over
interior pond slopes.

8. All trees shall be set back so branches do not extend over the 100-year water surface of the pond to
prevent leaf-drop into the water.

9. Drought tolerant species are recommended.

10. Landscape areas within the tracts of County-maintained ponds in residential subdivision developments
shall be designated "to be maintained by the homeowner's association.”
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SECTION 5.1 DETENTION FACILITIES

TABLE5.1.1.A SMALL TREES AND SHRUBS WITH FIBROUS ROOTS

Small Trees / High Shrubs

Low Shrubs

*Red twig dogwood (Cornus stolonifera)

*Snowberry (Symphoricarpus albus)

*Serviceberry (Amelanchier alnifolia)

*Salmonberry (Rubus spectabilis)

Strawberry tree (Arbutus unedo)

Rosa rugosa (avoid spreading varieties)

Highbush cranberry (Vaccinium opulus)

Rock rose (Cistus spp.)

Blueberry (Vaccinium spp.)

Ceanothus spp. (choose hardier varieties)

*Filbert (Corylus cornuta, others)

New Zealand flax (Phormium penax)

Fruit trees on dwarf rootstock

Rhododendron (native and ornamental
varieties)

Ornamental grasses (e.g., Miscanthis,
Pennisetum)

* Native species

Guidelines for Naturalistic Planting

Stormwater facilities may sometimes be located within open space tracts if "natural appearing" (see page
5-12 for details). Two generic kinds of naturalistic planting are outlined below, but other options are also
possible. A booklet discussing stormwater ponds and landscaping possibilities is available at the Water
and Land Resources Division; when completed, it should be consulted for additional ideas. Native
vegetation is preferred in naturalistic plantings.

Note: These landscaping criteria must be followed unless a landscape professional judges that long-term
quality of the open space would be improved by deviating from the criteria, AND that if the facility is
maintained by the County, maintenance would not be made more difficult by the deviations.

Open Woodland
In addition to the general landscaping criteria above, the following requirements must be met:

1.

Landscaped islands (when mature) should cover a minimum of 30% or more of the tract,

exclusive of the pond area.

Tree clumps should be underplanted with shade-tolerant shrubs and groundcover plants. The goal
is to provide a dense understory that need not be weeded or mowed.

Landscaped islands should be placed at several elevations rather than "ring"” the pond, and the size
of clumps should vary from small to large to create variety.

Not all islands need have trees. Shrub or groundcover clumps are acceptable, but lack of shade

should be considered in selecting vegetation.

Note: Landscaped islands are best combined with the use of hog fuel or shredded wood mulch for
erosion control (only for slopes above the flow control water surface). It is often difficult to sustain a
low-maintenance understory if the area was previously hydroseeded.

Northwest Savannah or Meadow

In addition to the general landscape criteria above, the following requirements must be met:

1.

Landscape islands (when mature) should cover 10% or more of the tract, exclusive of the pond

area.
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5.1.1 DETENTION PONDS — DESIGN CRITERIA

2. Planting groundcovers and understory shrubs is encouraged to eliminate the need for mowing
under the trees when they are young.

3. Landscape islands should be placed at several elevations rather than "ring" the pond.

4. The remaining tract area should be planted with an appropriate grass seed mix, which may include
northwest meadow or wildflower species. Native or dwarf grass mixes are preferred. Table
5.1.1.B below gives one acceptable dwarf grass mix. Grass seed should be applied at 2.5t0 3
pounds per 1000 square feet. Note: Amended soil or good topsoil is required for all plantings.

5. Creation of areas of emergent vegetation in shallow areas of the pond is recommended. Native
wetland plants, such as sedges (Carex sp.), bulrush (Scirpus sp.), water plantain (Alisma sp.), and
burreed (Sparganium sp.) are recommended. If the pond does not hold standing water, a clump of
wet-tolerant, non-invasive shrubs, such as salmonberry or snowberry, is recommended below the
detention design water surface.

Note: This landscape style is best combined with the use of grass or sod for site stabilization and
erosion control.

TABLES5.1.1.B STORMWATER TRACT "LOW-GROW" SEED MIX

Seed Name Percentage of Mix
Dwarf tall fescue 40%
Dwarf perennial rye "Barclay” * 30%
Red fescue 25%
Colonial bentgrass 5%

* |If wildflowers are used and sowing is done before Labor Day, the amount of
dwarf perennial rye may be reduced proportionately to the amount of
wildflower seed used.

Detention Ponds in Recreational Tracts

Projects required to provide onsite recreational space per KCC 21A.14.180 may combine the detention
pond tract with the recreation space tract to receive a 50% reduction in required onsite recreational space.
To receive the 50% credit, the following criteria must be met as required by KCC 21A.14.180.D:

1. The proposed stormwater tract must be dedicated or reserved as a part of a recreational space tract.

2. The stormwater pond must meet all standards for typical ponds unless modified by the following
additional requirements:

a) Side slopes shall not exceed 33 percent unless they are existing, natural, and covered with
vegetation.

b) A bypass system or an emergency overflow pathway shall be designed to handle flow exceeding
the facility design and located so that it does not pass through active recreation areas or present a
safety hazard.

c) The area surrounding the stormwater pond shall be landscaped in a manner to enhance passive
recreational opportunities such as trails and aesthetic viewing.

d) The stormwater pond shall be designed so that it does not require fencing per the fencing
requirements on page 5-6.

2021 Surface Water Design Manual 7/23/2021
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SECTION 5.1 DETENTION FACILITIES

e) Split rail fencing (3 ft. minimum height) is required around the pond at the emergency overflow
elevation of the pond or higher. Wire mesh backing of the fence is encouraged, but not required.
Intent: To preserve the functional integrity of the pond while allowing view of facility.

3. Where a tract is jointly used for recreational space and King County maintained drainage facilities, the
County is only responsible for maintenance of the drainage facilities, and an access easement shall be
provided for that purpose.

Detention Ponds in Open Space

Open space areas reserved through the four-to-one program may be used to site "natural appearing"
stormwater facilities if they are found to be compatible with the open space value and functions, and if
they are located on a "small portion of the open space" (Amended policy 1-204, King County
Comprehensive Plan). Conscientious application of the "Guidelines for Naturalistic Plantings" (p. 5-10)
typically will produce natural-appearing stormwater facilities. A site-specific assessment is needed,
however, to determine whether the stormwater tract would be compatible with the open space value and
functions.

7/23/2021 2021 Surface Water Design Manual
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5.1.1 DETENTION PONDS — DESIGN CRITERIA

FIGURE 5.1.1.A TYPICAL DETENTION POND

ACCESS RAMP bg
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SEE SECTION / - \&
SLOPE
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- PIPE
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{ J AS REQUIRED
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STORAGE
A\
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EMERGENCY
OVERFLOW
SPILLWAY
ROCK LINING
PER TABLE
4.22.A

NOTE:

N,
A’A
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— ALTERNATE EMERGENCY
v OUTFLOW STRUCTURE
/ FOR PONDS NOT
REQUIRED TO PROVIDE A
‘ SPILLWAY (FIGURE 5.1.1.C)

~=— 5'MIN. SETBACK
BETWEEN TOE OF
SLOPE AND TRACT
BOUNDARY

COMPACTED
EMBANKMENT

CONTROL
STRUCTURE

SEE FIGURE 5.1.1.B
FOR SECTION CUT
DIAGRAMS

THIS DETAIL IS A SCHEMATIC REPRESENTATION ONLY. ACTUAL CONFIGURATION WILL
VARY DEPENDING ON SPECIFIC SITE CONSTRAINTS AND APPLICABLE DESIGN CRITERIA.
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SECTION 5.1 DETENTION FACILITIES

FIGURE 5.1.1.B TYPICAL DETENTION POND SECTIONS
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5.1.1 DETENTION PONDS — DESIGN CRITERIA

FIGURE 5.1.1.C OVERFLOW STRUCTURE
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NTS

LOWER STEEL BAND 3" X
4" WIDE FORMED TO FIT 24"
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BY WELDING 4 CROSSBARS TO 4
VERTICAL BARS AS SHOWN.
HINGE UPPER ENDS WITH
FLANGES/ BOLTS AND PROVIDE
LOCKING MECHANISM (PADLOCK)
ON LOWER END.

LOCATE STEPS DIRECTLY BELOW.

3" DIA. SMOOTH ROUND BARS
WELDED EQUALLY SPACED.
BARS SHALL BE WELDED TO

IN GROOVE OF C.B. RISER SEE NOTE 1 UPPER & LOWER BANDS
—— (24 BARS EVENLY SPACED SEE

UPPER STEEL NOTE 1)
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1. DIMENSIONS ARE FOR ILLUSTRATION ON 54" DIAMETER CB. FOR DIFFERENT DIAMETER
CB'S ADJUST TO MAINTAIN 45°ANGLE ON "VERTICAL" BARS AND 7" O.C. MAXIMUM SPACING
OF BARS AROUND LOWER STEEL BAND.

2. METAL PARTS MUST BE CORROSION RESISTANT; BARS MUST BE STAINLESS STEEL OR
ALUMINIZED STEEL.

3. THIS DEBRIS BARRIER IS ALSO RECOMMENDED FOR USE ON THE INLET TO ROADWAY
CROSS-CULVERTS WITH HIGH POTENTIAL FOR DEBRIS COLLECTION (EXCEPT ON TYPE 2
STREAMS).

4. THIS DEBRIS BARRIER IS FOR USE OUTSIDE OF ROAD RIGHT-OF-WAY ONLY. FOR DEBRIS
CAGES WITHIN ROAD RIGHT-OF-WAY, SEE KCRDCS DRAWING NO. 7-028.
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SECTION 5.1 DETENTION FACILITIES

FIGURE 5.1.1.D PERMANENT SURFACE WATER CONTROL POND SIGN

48"

J— —

I I ]
This pond is in our care. \ f

Sto rmWater Runoff is held here after storms. Itis released
slowly or stored until the next storm when it is
PO nd replaced by incoming flows. This helps prevent
downstream flooding and erosion and helps
clean the water. For more information or to report 24"
littering, vandalism or other problems, call
Department of Natural Resources Facilities
Maintenance at (206) 477-8100.

£ King County
. Departement of
Natural Resources Pond Name and Number
| B J
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SPECIFICATIONS:

Size:
Material:
Face:
Lettering:
Colors:

Type face:

Posts:

Installation:

Placement:

48 inches by 24 inches

0.125-gauge aluminum

Non-reflective vinyl or 3 coats outdoor enamel (sprayed).
Silk screen enamel where possible, or vinyl letters.

Beige background, teal letters.

Helvetica condensed. Title: 3 inch; Sub-Title: 1%/, -inch; Text: 1 inch; Outer border:
Y/ginch border distance from edge: ¥4-inch; all text 13/, -inch from border.

Pressure treated, beveled tops, 11/2 -inch higher than sign.

Secure to chain link fence if available. Otherwise install on two 4"x4" posts, pressure
treated, mounted atop a gravel bed, installed in 30-inch concrete filled post holes (8-inch
minimum diameter), with the top of sign no higher than 42 inches from ground surface.

Face sign in direction of primary visual or physical access. Do not block any access road.
Do not place within 6 feet of structural facilities (e.g. manholes, spillways, pipe inlets).

Note: If the facility has a liner to restrict infiltration of stormwater, the following note must be added to
the face of the sign: "This facility is lined to protect groundwater quality.” In addition, specific
information about the liner must be added to the back of the sign as specified in Section 6.2.4.

7/23/2021
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5.1.1 DETENTION PONDS — METHODS OF ANALYSIS

5.1.1.2 METHODS OF ANALYSIS

Detention Volume and Outflow

The volume and outflow design for detention ponds shall be in accordance with the performance
requirements in Chapter 1 and the hydrologic analysis and design methods in Chapter 3. Restrictor orifice
structure design shall comply with Section 5.1.4 (p. 5-25). Note: The design water surface elevation is
the highest elevation that occurs in order to meet the required outflow performance for the pond.

Detention Ponds in Infiltrative Soils

Detention ponds may occasionally be sited on till soils that otherwise meet the basic criteria of "sufficient
permeable soil" for a properly functioning infiltration system (see Section 5.2.1, p. 5-44). These detention
ponds have a surface discharge and may also utilize infiltration as a second pond outflow. Detention ponds
sized with infiltration as a second outflow must meet all the requirements of Section 5.2 for infiltration
ponds, including a soils report, performance testing, groundwater protection, presettling, and construction
techniques.

Emergency Overflow Spillway Capacity

The emergency overflow spillway weir section shall be designed to pass the 100-year runoff event for
developed conditions assuming a broad-crested weir. The broad-crested weir equation for the spillway
section in Figure 5.1.1.E, for example, would be:

Quo = C(29)" [2s LH* + 8115 (Tan ) H**] (5-1)

where peak flow for the 100-year runoff event (cfs)
discharge coefficient (0.6)

gravity (32.2 ft/sec?)

length of weir (ft)

height of water over weir (ft)

angle of side slopes

100

Q
@
g
L
H

0
Assuming C = 0.6 and Tan 6 = 3 (for 3H:1V slopes), the equation becomes:

Quo = 321 (LH™+24H™) (5-2)

To find width L for the weir section, the equation is rearranged to use the computed Q100 and trial values of
H (0.2 feet minimum):

L = [Quo/(B2LHA]-24H or  6feet minimum (5-3)

FIGURE 5.1.1.E WEIR SECTION FOR EMERGENCY OVERFLOW SPILLWAY
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SECTION 5.1 DETENTION FACILITIES

5.1.2 DETENTION TANKS

Detention tanks are underground storage facilities typically constructed with large diameter corrugated
metal pipe. Standard detention tank details are shown in Figure 5.1.2.A (p. 5-20) and Figure 5.1.2.B (p. 5-
21). Control structure details are shown in Section 5.1.4 beginning on page 5-25.

5.1.2.1 DESIGN CRITERIA

General

1. Tanks shall be designed as flow-through systems with manholes in line (see Figure 5.1.2.A, p. 5-20)
to promote sediment removal and facilitate maintenance.

Exception: Tanks may be designed as back-up systems if preceded by water quality facilities since
little sediment should reach the inlet/control structure and low head losses can be expected because of
the proximity of the inlet/control structure to the tank.

2. The detention tank bottom shall be located a minimum of 0.5 feet below the inlet and outlet to provide
dead storage for sediment.

3. The minimum pipe diameter allowed for a detention tank is 36 inches.

4. Tanks larger than 36 inches may be connected to each adjoining structure with a short section (2-foot
maximum length) of 36-inch minimum diameter pipe.

5. Outflow control structures shall be as detailed in Sectio